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The increased use of network communications within in- 
dustries, and among firms, suppliers, and customers, is 
focusing greater attention on the methods and standards 
for interorganizational communications. In the securi- 
ties indushy, the settlement and clearing of trades de- 
pends on numerous messages to be sent and received by 
several organizations. Using the principles of Formal 
Languages for Business Communication WBC),  we de- 
velop a message representation fhat is flexible and self- 
describing, and show how defeasible reasoning applied 
to settlement messages could handle problem trades. 
This application of FLBC ofers advantages through 
machine-to-machine error reconcilement, integration 
with other market communications systems, and robust- 
ness to changes in securities design and regulation. 
1. Introduction 
Close to one million securities trades take place daily 
on U.S. stock exchanges and bond markets. The clear- 
ing of these transactions involves the matching of buyers' 
and sellers' submitted trade reports, and the confirming 
the indicated trades. The settlement of these transactions 
is the process of transferring ow~ership from the seller to 
the buyer, and of delivering payment from the buyer to 
the seller. Settling and clearing a trade requires a num- 
ber of messages to pass between the two trading parties 
(generally, investors or securities firms), and their bro- 
kers and custodial trust agents, and the clearing houses 
and depositories. These organizations and their func- 
tions are described in Table 1. 
Settlement and clearing is a high-volume information 
processing function. Currently, different message for- 
mats are used in different markets, and details of a single 
trade may be entered several times into different systems. 
Messages use fixed field formats, which are not easily 
adapted to new securities or conditions. Exceptions re- 
ports from the ~Iearinghouse that are transmitted back to 
the trading firms provide limited help resolving problem 
trades. This paper describes a formal language represen- 
tation for trade messages that could eventually support a 
single financial transaction messaging system to be used 
by banks, securities firms, institutional investors, and 
other parties associated with global trading. The repre- 
sentation uses a flexible and selfdescribing message s p -  
tax, and defeasible reasoning for back-end exceptions 
processing. We demonstrate the applicability of formal 
business communication principles to enable reasoning 
about the content of inter-organizational messages, and 
we describe potential benefits. 
Present arrangements for message handling are well- 
suited to standard trade settlement activities, and have 
proven capable of handling severe peaks in volume. The 
settlement process was not interrupted at the time of the 
stock market break on 19 and 20 October 1987, when 
604 and 608 million shares, or more than triple the aver- 
age daily volume at the time, were traded on the New 
York Stock Exchange FUCA891. Since 1987, capacity 
has been put in place to handle a one billion share day. 
However, current settlement systems are less capable of 
handling non-routine events such as resolving unmatched 
trades, and facilitating settlement of new types of securi- 
ties. In about 1 percent of all stock market trades, and 
between 20 percent and 30 percent of bond trades, the 
settlement message returned to the trading parties is "un- 
compared as submjtted." On the New York Stock Ex- 
change, about 5,000 submitted trade reports a day do not 
lead to a match between the buyer's account of the trade 
details and the seller's version. When an uncompared 
trade often called a DK for "don't know" or QT for 
"questioned trade" occurs the parties involved will nor- 
mally need to contact each other manually to resolve the 
reports. They will then resubmit corrected versions of 
the trade details, or submit a reversal of the trade, in ef- 
fect canceling it. 
Across the eight financial markets in the U.S. that 
clear trades through the National Securities Clearing 
Corporation, nearly 15,000 submitted trade reports a day 
are uncompared. At approximately $75 per item to re- 
solve a problem, the annual cost of exceptions processing 
is $250 miIlion. Uncompared or open trades (that may 
not eventually be settled) also expose firms to price 
movements that may make completing the trade more ex- 
pensive than anticipated. Adding a new security type, 
such as a bond with a detachable option, requires devel- 
oping a new record format for both input and output to 
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the settlement system. Added strain will come from the 
replacement of the current five day settlement cycle with 
three day settlement, which is mandated to occur in the 
U.S. before 1996. 
Global initiatives. In 1989, the Group of 30 (G30), 
an independent non-profit organization of managers and 
representatives of financial institutions from 30 nations 
began to promote greater harmonization of settlement 
systems internationally. The G30 found that "present 
standards were not acceptable", and set out nine long- 
term goals for "maximizing the efficiency and reducing 
the costs of clearance and settlement." Two goals are 
uniform, threedoy (7'+3) rolling settlement, and same- 
day settlement payments in all markets. A 3-day settle- 
ment cycle will reduce the replacement cost risk of out- 
standing trading commitments that would need to be 
covered if a default occurred. Same-day funds lessens the 
credit exposure from outstanding payments due from 
buyers of securities. Meeting the G30 objectives and en- 
hancing settlement systems requires better software that 
permits richer information processing, in particular, fast- 
er comparison and reconcilement of uncompared trades. 
Benefits of enhanced settlement messaging. This 
paper will detail a representation for inter-organizational 
messages that enables greater integration of front- and 
back-oftice systems, and richer expression of settlement 
messages. A better representation scheme will improve 
the process of resolving mismatches, and will enable 
trading in new securities to be processed without design- 
ing additional, customized message formats. With the 
added capabilities that we describe, trade exceptions will 
increasingly be resolved via CPU-CPU conversations. 
TABLE 1 : GLOSSARY 
BROYLR: An agent representing an investor that wants to buy or sell 
securities in a marketplace. 
a r r J u N m a :  Clearinghouses guarantee the completion of trades 
submitted by their member firms. Once a trade is matched and ac- 
cepted, the clearinghouse becomes the cwnterparty to both sides of 
the trade, which limits the credit risk of defaults on trades due to a 
bankruptcy. In the U.S. there are three clearinghouses and three 
depositories for the country's seven stock exchanges and OTC equi- 
ties market. There are nine clearinghouses for the fourteen futures 
exchanges, and one clearinghouse for the options exchanges. The 
largest U.S. clearinghouse is the National Securities Clearing Corpo- 
ration (NXO. 
cus~oow: Banks and securities firms provide custody services to 
investors. A custodian is  an agent that makes and receives pay- 
ments for securities and provides safekeeping of certificates them for 
investas. 
w~ow~onv: Securities depositories store certificates, and oversee 
book-entry transfers of ownership. Depositories and clearinghouses 
are the two principal clearing organizations. The largest U.S. 
depository is the Depository Trust Company (DTC). 
2. Current Messaging Practices 
Settlement and clearing is achieved through a com- 
plex web of communications between brokers, custo- 
dians, clearinghouses, and depositories sending 
electronic and nonelectronic messages. Existing mes- 
saging systems automate earlier paper-based procedures. 
The messages are based on fixed field formatting with 
little flexibility, and limited expressive power. 
Trading communication. The operations cycle for a 
standard trade involving two investors can result in as 
many as ten messages. (We refer here to an instifutional 
investor, such as a mutual fund or a pension fund manag- 
er, rather than an individual investor. For an indibidual, 
the settlement process is completely handled by the bro- 
ker acting on their client's behalf.) (1) To maintain a di- 
versified porqolio or to raise cash or invest cash an 
investor, who has decided to sell a security, phones his or 
her broker to request a quote or place a sell order. (2) 
The broker sends execution instructions to a trader who 
finds a counterparty (or, counterparties) in the market at 
an agreed upon price and quantity. An order form is par- 
tially written out by the broker, and given to the trader. 
It contains the customer's instructions, and is completed 
by the trader after executing the order. Figure 1 shows 
the typical Order Form. 
At the end of the day, (3) the brokers report the de- 
tails of their "sides" of all executed trades to the clearing- 
house. (4) The clearinghouse compares all submitted 
trade details, and reports back the matched and un- 
matched trades to traders (QTs or questioned trades, 
when the parties do not agree on details, and DKs or 
don't knows, when only side of a trade is reported). (5) 
The broker confirms the trade to the investor and to the 
investor's custodian. (6) The investor "affirms" the trans- 
action to the broker, indicating that on settlement date, 
shares are to be received into the broker's account from 
the clearinghouse account, in the case of a purchase, or, 
in the case of a sale, delivered to the clearinghouse ac- 
count from the broker's account. 
The clearinghouse nets all transactions (7), and 
sends net obligation notices (to deliver sharedcash and 
receive sharedcash) to members. (8) The clearinghouse 
initiates the transfer of shares into the buying broker's ac- 
count at the clearinghouse. (9) The buying broker (who 
is in a net debit position) then instructs the bank to pay 
hnds into the clearinghouse account, at which point the 
securities transfer becomes final. If either the securities 
are not delivered, or the payment is not received, the 
trade "fails". Failed trades are liabilities of the non- 
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Figure 1: Typical Order Form 
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Clearinghouse operations 
Clearinghouses are hubs for settlement 
instructions and communications betu'een 
market participants. The largest U.S. 
clearinghouse is the National Securities 
Clearing Corporation (NSCC). The 
NSCC was formed in 1977 by merging 
the clearinghouses of the New York and 
American Stock Exchanges, and the 
over-the-counter market. The NSCC has 
links with 1,200 direct participants, and 
processed over 90 percent of all equities 
trades in the U.S. in 1991. 
Currently, the settlement cycle the 
time between a trade and the final trans- 
fer of payment and securities o~nership 
is five days in the U.S. In the U.K. and 
France, settlement periods are as long as 
3 to 4 weeks (Weber, 1993). Participants 
in a trade are required to submit trade re- 
ports to the NSCC by midnight on the 
delivering party, and result in fees, interest, and borrow- day of the trade (7). In the exiy morning 
ing charges. (10) The clearinghouse pays into the ac- hours of T+1, the NSCC "compares" all submitted trades 
count of the selling broker. Note that all but steps (8) "sides." Each trade has two sides, a buyer side and a sell- 
and (10) are inter-organizational instructions. er side. The comparison procedure establishes matches between submitted sides. If a trader submits the details 
Figure 2 
S t e p s # 1 t o # 6 : O r d e r a 6 y t h r w g h i n v e L d a ~ o n  
(Trade Execution) 
(2) (1) 
Execute (kda 
<<<Buy <<< Buy 
CUST BROKER BROKER CUST 
A <<< A >>> <<< B >>> B 
C o n f i  TrrdeDdails TrrdeDaaiL M u m  
(6) (6) 
flrade Comparison) 
Figure 3 
Steps #7 to #lo: Netting, and receive and 
deliver obligation rrpMts through CIsh and Share Tnnsfk~% 
SELL SELL BUY BUY 
CUST BROKER BROKER CUST 
A A <<< >>> B B 
Obligrfions Obligatiom 
0 
ORPORATION 
Tmdm (8) Ihremnd (8) T d a  
(debit) shares >>> >>> Shares (aodit) 
(credit) cash <<< (10) <<< Crph (9) (dcbi) 
of a purchase of 5000 shares at $40 from a broker with 
badge number 123-789, there needs to be an offsetting 
entry to sell 5000 shares at $40 from the broker with 
badge number 123-789. Once a match is made the 
obligations of the original counterparties are to the 
NSCC, rather than to each other. The seller delivers or 
transfers securities into an NSCC account at the 
depository, and -receives payment from the NSCC. By 
backing trades only once they have compared, NSCC has 
a zero net position in funds and in shares; i.e. the funds 
receivable by the clearinghouse are exactly equal to its 
funds payable, and their securities deliverable equals 
their securities receivable. By standing between the ulti- 
mate buyer and seller, the NSCC eliminates "counterpa- 
rty risk" in the market, or the chance of losses caused by 
one party to a trade defaulting on its obligations. 
Uncompared trades are sent back to the original 
marketplace on T+1 for resolution by the trading parties. 
Securities firms' Purchase and Sales (P&S) departments 
receive contract sheets from the clearinghouse with com- 
pared and uncompared transactions listed. To resoIve 
uncompareds, trading tickets and records are often ex- 
amined to find the source of any error. Compared trades 
that were only "suggested" by the NSCC's matching pro- 
gram (because one or more of their fields may have dif- 
fered), may be rejected and reversed. Only if trading 
parlies can correct the discrepancy and resubmit the 
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details for a matching by the end of the third day after the 
trade (T+3) will the settlement occur in its original place 
on T+5. The NSCC nets all securities and funds due it 
on settlement day, and during the night of T+4 instructs 
the DTC to transfer ownership of the traded securities. 
The transfer is made provisionally on the morning of 
T+5. If the securities are not in the selling firm's DTC 
account, it has until 1:30 p.m. on T+5 to supply them to 
the DTC. At 3:00 p.m., the NSCC notifies each counter- 
party of its net funds liability. Once members with debit 
funds positions make payment, their incoming securities 
transfers (credits) are final. This payment must be made 
by 7:00 p.m. on T+5, and is via a clearing bank check or 
wire transfers into NSCC accounts. 
Clearinghouse messages and systems. To compare 
trades in a particular financial instrument (listed stocks, 
over-thecounter stocks, bonds, etc.), one message per 
trade side is electronically submitted to the NSCC. The 
NSCC puts submitted trade reports into its Continuous 
Net Settlement (CNS) system, a comparison system that 
runs as a batch process in the early hours of T+1. The 
comparison algorithm seeks to match trades by finding 
submitted reports from a buyer and a seller for the same 
security reporting the same prices and number of shares 
traded. The results of the comparison for each input are 
transmitted back to the securities firms as output. 
The Trade Detail Inuut and Corrections message re- 
ports one side's account of the trade. The record consists 
of two 80colurnn rows comprising 15 fields. The princi- 
pal elements (not complete) of the record structure are in- 
dicated in Figure 4. 
The Trade OutDut and Adiustment message is three 
132column records that describe the results of the com- 
parison. The output consists of 15 fields. Its main fea- 
tures are the NSCC-assigned control number (a unique 
identifier for each trade), and a trade status code report- 
ing whether the trade compared or not. If there was an 
exact comparison between the trade details submitted by 
the buyer and the seller, the status codes are "Al", "Sl", 
or "Pl". If the match is inexact, there are 16 other codes 
indicating the disparity. The reasons for an inexact 
match include reported badge numbers that differ from 
the actual, and differences in the reported times of trade 
execution. There are 3 codes for uncompared trades: 
"Ul", "U2", and "SA". The principal elements of the 
message structure are shown in Figure 5. 
Although NSCC operations use computer-to- 
computer links, the participant brokerage houses do not 
have any knowledge of the relationship between the 
qualifiers in the output report. Thus, an uncompared 
trade requires manual exceptions processing, and perhaps 
telephone calls to other brokerage firms. Enhancements 
to the message representation will enable the finns to 
better identify the causes of a mismatch by developing in- 
terpretation rules to correct it automatically. 
Pressures for.enhancements Two environmental 
factors call for enhanced, and more flexible clearing op- 
erations. 
1) Economic and regulatory pressures are growing 
for the standardization of data and procedures to elimi- 
nate or greatly reduce national differences. 
2) Communications and the technology of the back- 
oflice are becoming commodities but inflexible messag- 
ing limits integration across shared networks, and non- 
proprietary systems from multiple vendors. 
In the Market Reform Act of 1990, the U.S. Congress 
directed the Securities and Exchange Commission to "fa- 
cilitate the establishment of linked or coordinated facili- 
ties for clearance and settlement of transactions in 
securities." 
Given the external pressures, current clearing sys- 
tems %ill be hard pressed to accommodate the necessary 
changes. Substantial improvement, we argue, will come 
from a better message representation. We envision more 
expressive messages being transmitted back and forth be- 
tween the firms and the clearinghouse, and brokerage 
firms' implementation of rule-based policies that offer 
greater opportunities for computer-computer reconcile- 
ment of problem trades. Uncompared trades and inexact 
matches will still be handled by each firm's idiosyncratic 
methods. 
3. Recursively-defined Settlement Messages 
As electronic business communications grow, re- 
searchers are seeking better methods for expressing inter- 
organizational communications Wmbrough and Moore, 
1992). A goal of inter-organizational communications is 
to represent messages symbolically so that they can be in- 
terpreted electronicaIly. Once received, a welldesigned 
representation will enable the receiver to access its mean- 
ing and act on it, with little or no human intervention. 
Logical inferencing and defeasible reasoning can be ap- 
plied in order to initiate and complete tasks based on the 
transmitted information. We adapt the notation of Kim- 
brough and Moore (1993) to the securities trading 
domain: 
Op(who,ht) where who is the double consisting 
of the executing broker and the contraparty to 
the trade identified by their firm and their 
badge number [eg. M(rnerrill, 
badge-no),(pru-kchehebadge-IK)))~, and what 
is a description of the transaction. 
The operators relevant to securities trading include 
(but are not limited to) the follo~ing predicates: 
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Figure 4: The T T  Report 
Figure 5: The Trade Output and Adiustment Record Format 
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BUYfSELL IND. 
T+1 REGULAR WAY 
BROKER NUMBER 
1 
1 
4 
2=BUY, 4=SELL 
l=T+REGULAR WAY 
D=DELETE OF ORIGINAL T+1 INPUT 
MAJOR BROKER NUMBER (NO SYMBOL) 
EXECUTING BADGE NUMBER 
CONTRA EXECUTING BROKER BADGE 
(MMDDYY) 
0-NYSE, l=AMEX, 2=OTC, 3=OTHER 
(99,999,999) 
(9,999,999,999.99) 
HHMM (MILITARY TIME) 
3 
4 
6 
10 
18 
22 
28 
39 
40 
48 
63 
START " 
1 
2 
85 
95 
tEN 
EXEC BADGE 
CONTRA EXEC BADGE 
TRADE DATE 
CUSlP NUMBER 
EXCHANGE IND. 
QUANTITY 
CONTRACT AMOUNT 
TIME OF EXECUTION 
$COMMENTS 1 
2=BUY, 4=SELL 
&ACCEPTED, 1= INVALID BUYBELL OR 
ACTIVITY CODE, 2= INVALID TRADE 
DATE, 3= INVALID CUSlP NUMBER, 4= 
INVALID QUANTITY OR CONTRACT 
AMOUNT, 5= INVALID TRANSACTION 
TYPE, 6= INVALID DELETE, 8= 
MULTIPLE ERRORS 
CONTROL NUMBER 
A l =  EXACT MATCH USING BADGES 
AND TIME A2= EXACT MATCH USING 
BADGES AND DISREGARDING TlME 
A3= EXACT MATCH USlNG ONE SET OF 
BADGES AND TlME A4= EXACT MATCH 
USlNG ONE SET OF BADGES AND 
DISREGARDING TlME AS= EXACT 
MATCH USlNG TlME DISREGARDING 
BADGES St-SS= PIECES SUMMARIZED 
MATCH USlNG A1-A5 CRITERIA PIPS= 
MATCH USlNG PIECES AUDIT TRAIL 
CRITERIA: MI-M4 U1= UNCOMPARED 
AS SUBMITTED UZ= UNCOMPARED AS 
A RESULT OF SUMMARIZATION SA= 
SUBMITTED ADVISORY AGAINST YOU 
BUYlSELL IND. 
ACCEPTiREJECT 
IND. 
CONTROL NO. 
TRADE STATUS 
CODE 
END TYPE 
3 
4 
9 
13 
21 
27 
36 
39 
47 
59 
66 
4 
4 
6 
9 
1 
8 
12 
4 
1 
1 
10 
2 
1 
2 
94 
96 
AIN 
N 
N 
N N  
A/N 
N 
NN 
N 
N 
N 
N 
A/N 
A N  
AfN 
N N  
Op E (s~i~ed,compared,confirmed, eleted, a f  
firmed, obligated, delivered, received) 
These operators apply to transactions, which are de- 
fined by the following descriptors: security, date, 
ratelvalue, quantity, price. These descriptors consist of 
a number of arguents, and can be of arbitrary length. 
Thus, new instruments can be incorporated by adding 
additional arguments. The security traded and its de- 
scription is represented with four arguments by: 
security(certificate-no, when-issued, country, ex- 
change). For a U.S. security the certificate number will 
be its CUSIP code. A trade date and time is associated 
with each trade: date(trade,time-of-exec) We show 
later that using rules, the settlement date can be inferred 
from the trade date and the status of the trade compari- 
son. Rates are the proportional values that apply to a 
transaction: rate(currency,tax,commission) The cur- 
rency is the money to be used to settle the trade. The 
commission and tax are applied to the contract value of 
the trade. Values are the amounts that apply to the trans- 
action, and their description is represented with four ar- 
guments by: value(contract-amount, accrued-interest, 
commission~amount, tax-amount). Quantities are 
usually the number of shares, but with a qualifier can be 
expressed as units or lots. Quantities to buy or bought 
are positive, and quantities to sell are negative: 
quantity(Y1 where Y E (shares,units,lots). Price are 
indicative, or firm, or contractual: price(Y) where Y E  
(indicative, quoted, executed). Many of these could be 
entered at a trading desk, using a real-time deal capture 
system. Although some are mandatory, not all qualifiers 
need to be specified. 
Example. A standard trade message could be: 
This depicts a purchase of Allied-Signal (CUSIP No. 
869267BN3) by Menill Lynch broker #I234 of 5,000 
shares for $426,250, or $85.25 per share, from Pru-Bache 
broker #7890 at 3:03:33 p.m. on 21 June 1993. (This 
message contains propositional content, and for present 
purposes, and without loss of generaIity, we are neglect- 
ing the speech-act aspects of these messages.) At the 
time of submission, the transaction is provisional. It be- 
comes contractual or obligatory when it is successfutly 
compared with a contraparty trade report. The trade is 
settled when ownership and payment have transferred. 
$ 
We envision three capabilities of an industry-wide 
formal language for trade clearing and settlement: (1) 
generation of informative messages fiom the clearing- 
house identifying problem trades, (2) broker-initiated 
messages that will be sent to the clearinghouse and other 
brokers to resolve problems, and (3) application of de- 
feasible reasoning to the messages a finn receives in or- 
der to understand its financial exposure, and to take 
actions such as deleting a transaction fiom a database of 
trades. We focus on the first capability in this paper, and 
refer later to,the benefits from the other two. 
Rules: Once submitted, a transaction has a control 
number, X, assigned to it. The system increments X 
once after each arrival. We assign a unique control nwn- 
ber that follows from the prior transaction. (Note that we 
use declarative, Prolog rules for expositional conve- 
nience. The operations described could be in a procedural 
language.) 
Current-transaction is only satisfied by the most recently 
processed trade report. The predicate, next-transaction 
assigns to X the next control number following W. 
Thereafter, every transaction can be identified by its con- 
trol number: transaction(>() +- submit(,,,X). 
A set of d e s  contained in a knowledge base determines 
the result of the comparison process for each transaction. 
Two transactions, X and Y compare exactly if their sub- 
mission reports indicate they are for the same security 
a, traded the same day and time Qh), using the same 
currency ah), for the same contract amount and accrued 
interest w, and their quantities (8) and prices (9) 
match. Note that the signs of quantity traded are re- 
versed to ensure that one and only one party reported it- 
self to be the buyer (positive quantity), and one and only 
one party reported itself to be the seller (negative quanti- 
ty). An exact match is an "Al" code in the w e n t  com- 
parison output. 
Any transaction, X, is compared if it compared with any 
other transaction, but only one other transaction. 
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Defeasibilitv. The submission of trade details does 
not necessarily lead to contracted trades. Inexact com- 
parisons are possible, and can be reversed by the trading 
parties. In fact, only 53 percent of the NYSE's compared 
trades are exact matches: i.e., yields "Al", "Pl", or "Sl* 
in the Comparison Code field in the NSCC output report. 
The others match on the security, price, and size of the 
trade, but have discrepancies in the reported badge num- 
bers, or the time of the trade. In some cases, these inex- 
act matches are invalid, and the two firms involved will 
"reverse" the trade. In our representation, two trade re- 
ports will match with dXerent trade times if the follow- 
ing rule is satisfied. This corresponds to an A2 match in 
the existing NSCC output report. Notice here that the 
two reported times are returned to the brokerage firms for 
their auditing. There are about 9,000 A2 match reports 
daily on the NYSE: 
Two trade reports that misidentify the contraparty, 
but match on the time of the trade will match if the fol- 
lowing rule is satisfied. This corresponds to an AS 
match in the existing NSCC output report. About 8 per- 
cent of the daily 130,000 comparison outputs on the 
NYSE are A5 matches. 
With the additional expressiveness of a recursive 
syntax, more comparison information can be supplied to 
the brokerage finns. Using these rules, trades will either 
have an exact comparison, an inexact comparison, or no 
comparison. No comparison can be inferred: 
uncompared(X) t not(compared(X,J), 
not(cmpared(X,,,J), 
s~brnitL,&teCrra&-&te,J,~,~~M), 
now > Trade-&te+l . 
Also, in Prolog, we can list all of the reasons for an inex- 
act comparison of the transaction with control number X: 
why-inexact()O f- 
not(uncompared(X)), compared(X,A,,J, 
wit&), nl, fail. 
This constitutes a major improvement over current prac- 
tice, which only reports a code e.g., "P4" but no addi- 
tional output for auditing possible (but unlikely) 
erroneous matches. Using a selfdefining syntax, trades 
that have inexact comparisons (e.g. same price and quan- 
tity, but different badges or times reported), will be re- 
ported with the details of the discrepancies to enable the 
brokerage firm to ensure that the trade really should be 
compared, and passed through for settlement 
The current clearing and messaging system could 
probably be enhanced to provided more output detail, and 
to add many of the capabilities described. Such modifi- 
cations would be diacult, and would require major 
changes to message formats, and large-scale alterations 
to the structure of brokerage firms' sobare.  The ap- 
proach we describe, however, enables changes to be made 
easily at the level of software modules, and at low cost. 
The example programs illustrate the simplicity of captur- 
ing and returning valuable information to the trading 
parties. As new rules and conditions are conceived, they 
can be implemented easily. 
Rules can also express time, obligations, and the de- 
feasibility of interim assumptions. Transactions that are 
obligalory or contracted can be reflected in the firm's fi- 
nancial reports. 
Time. A transaction may be either provisional, con- 
tractual, or settled depending on the time it was sub- 
mitted, and its status in the clearing process. The system 
clock-calendar increments 1 for each weekday that the 
market is open. For a compared trade, the settlement 
date is five days after the trade date. 
settlement(X,Settle-date) Ccompared(X), 
s ~ b m i t ~ n d ( s w . u r i t y ~ w h e n ~ i s s d , ~ J ) ,  
datdSettle-&te-5,Jtdd 
Thus, Settle-date for the transaction with control nurn- 
ber X will be designated the trade date plus five, if the 
transaction compared. 
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Contingent on external variables such as time, rules 
will perform defeasible reasoning on the messages a trad- 
ing firm receives fiom other firms and the clearinghouse. 
Rules of obligation and defeasibility will provide infer- 
encing capabilities within firms' clearing systems. 
Reasoning on messages. Three operators can be de- 
fined to apply to trading messages that a firm receives. 
The first is obligation: &$ means it is obligatory that 4. 
Povisionally (or defeasibly) 4 is 0'4. When conflicts oc- 
cur, any faa can be undermined U. Transactions are 
provisional until they are successfully compared, at 
which time they become obligatory. "Now" is the current 
value of the system clock-calendar, and by convention 
will increment 1 for each day. 
Pltransaction(X)) 4- not((comparedo()), 
now > Trade-&te+l , 
submitL,&teCTra&-date,J ,-Jdd &X)). 
O(transaction(X)) t compared(X3, 
now < Trade-&te+5. 
We envision brokerage firms implementing systems that 
maintain default hierarchies of rules to handle conflicting 
obligations. (See Kimbrough and Moore (1993) for a 
discussion of conflicting obligation.) 
Currently, submitted trade reports that differ on the 
price or security ID (CUSIP) or quantity of a trade do not 
compare, and are reported only as uncompared without 
indications of any identifiable causes for the mismatch. 
By providing additional information along with a trans- 
action's uncompared output, brokerage firms can resolve 
uncompared trades using defeasible rules. 
price-&smatch(X,Y,PX,PYl t 
not(compared(X,Y)), 
submit(((Us,Us-badge), 
(Contra-firm,C-badge)), 
security(S1 ,S2,S3,S4), 
date(D1 ,D2), rate(R1 ,&J, 
v a l W 1  ,V2,&J, 
quantity(shares(Q)), 
price(PX),X), 
submit(((Contra-fimt,CC&dge),(Us,Us5badge)), 
secwity(Sl,S2,S3,S4), 
date(D1 ,D2), rate(R1 ,&J, 
valw(V1 ,V2,&J, 
qwntity(shares(-Q)), 
pice(W,W. 
The predicate price-mismatch(*) reports the contra- 
broker who submitted a near-matching trade with a price, 
PY, that differed from the other reported price, PX. For 
differences less than some fraction of a percent, broker- 
age firms could agree to randomly select one of the sub- 
mitted prices. Similarly, a quantity mismatch can be 
defined, and presented to user firms along with a report 
of the two different reported quantities. Minor quantity 
differences could be resolved by "splitting the difference" 
or alternating which quantity is used. More advanced 
clearing networks could lead to cross-organizational rules 
that access to other firms' messages. For instance, if a 
firm's broker submits a trade report that matches an 
machine-readable order of another firm, it indicates the 
likely source of the problem is the other firm's submitted 
trade report. 
4. Discussion 
Let us catalog our progress. We have reviewed the 
securities trade settlement process, and found it to be 
message-intensive, costly, and timeconsuming. To ame- 
liorate these problems, we have following suggestions in 
the literature (e.g., Kimbrough and Moore, 1992 and 
1993) proposed an application of an FLBC. In the pres- 
ent context, this proposal has two main parts. First, 
much greater reliance should be made on formalized, 
computer-tocomputer messaging, as opposed to non- 
formal, person-to-person messaging (e.g., telephone 
calls). The current system relies on formal messaging 
only in part (see Figures 4 and 5), and could benefit by 
extending formal messaging to communications between 
a brokerage firm and its traders, and among brokerage 
firms. Second, the FLBC to be used should be a 
recursivelydefined, open-ended language, similar to that 
illustrated in the discussion above. 
We have, in addition, offered examples of trade pro- 
cessing messages, and hour they could be used and inter- 
preted. More examples could be given, but space is 
limited and we believe the point has plausibly been made 
that the FLBC approach can readily handle all of the 
types of messages now used, plus offer the additional in- 
formation for resolving problem trades. We now list, and 
briefly discuss, the principal advantages of the general 
approach we are advocating for handling securities trade 
settlements. 
Faster rewnses to uncomuared trades will su~wrt  
the transition from a 5-day to a 3-dav settlement cvcle. 
As discussed above, if the settlement cycle is to be re- 
duced from 5 to 3 days, then it is imperative that uncom- 
pared trades be resolved much more quickly. Introducing 
further formalization of the messaging process especially 
among brokers attempting to resolve uncompared trades 
is really the only practicable way to effect deeper comput- 
erization and with it greater speed in this process. Fur- 
ther, given that further formalization will occur, use of a 
well-designed, general-purpose FLBC, as discussed here 
and in (Kimbrough and Thornburg, 1989, and Kim- 
brough and Moore, 1992,1993), has much to recommend 
it, as the following points will indicate. 
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The re~resentation method is able to intemate new 
information and securities tvws without adding new 
message fonnats or standards. The language structure 
remains fixed, but is able to accommodate new vocabu- 
lary terms and to express an unlimited number of mes- 
sages. This allows the contents of the messages to adapt 
to new business requirements. While the messages may 
evolve, there is no undue disruption to the systems han- 
dling them (see Kimbrough and Moore, 1992). 
Problem trades mav be more easily reconcile& be- 
cause brokers can be vrovided with more useful details 
from the clearinghouse com~arison ~rocess. In addition 
to the examples discussed in Section 3, we note that there 
are good opportunities to provide additional information 
to the brokers. For instance, a trade report that does not 
compare can be returned with the badge numbers and 
identities of other traders and brokers that had problem 
trades in that security that day. These are likely contra- 
party candidates for resolving uncompared trades, but are 
not known to the firms handling trade exceptions. 
Brokers will benefit from the abilitv to add their 
own wlicies and rules to intemret and Drocess clearinp- 
house messages. These rules can be used to handle some 
messages automatically (perhaps using in-house transac- 
tion processing data), to inform workers more thorough- 
ly, and wen to initiate and conduct machine-to-machine 
dialog with other brokers. 
Labor costs can be reduced, as fewer trades reauire 
manual exce~tions vrocessing. and when human inter- 
vention is reauired workers have more relevant informa- 
tion easilv available. 
The status of trades can be tracked, leadinn to better 
control over ~roblem trades and financial emsure. 
With more expressive messaging, provisional or qualified 
trades (that may not eventually settle) can be highlighted 
in management accounting reports. Compared trades 
may be quickly identified and reported. 
The svstem is u~mdeable  and robust to change. 
The representation scheme described can be integrated 
with other systems in the industry, including order rout- 
ing and trading systems, and payment and f h d s  transfer 
networks. Message formalization and use of a robust 
FLBC thus have positive externalities with other parts of 
the business. Finally, we note that these advantages 
considerable as they are in the present context are ob- 
tainable in many other situations in commerce. 
5. Prototype 
A Settlement p r o t o m  was developed on a Macintosh II 
CX using Claris Hypercard Version 2.1. In the proto- 
type, there are four member firms (Merrili W R ] ,  Gold- 
man [GS], Salomon [SB], and Kidder P I )  and a 
clearinghouse. A test script was created of 36 sides (18 
trades); with each of the member firms making errors of 
various types in their submissions to the clearinghouse. 
For example, any one or more of the following might be 
in error in any given trade: the contra badge, or the trade 
time, the price, the quantity, etc. In the script some firms 
submitted imaginary trades (ones with no counterparty). 
The sides are submitted to the clearinghouse, which or- 
ders them by trade time. The compare routine runs 
through the pooled sides, identifying the counterparty in 
the event of perfect matches or matches with one or more 
fields on the trade input record in disagreement. Its out- 
put is a stream of compare and miscompare messages. 
Our current work is on inter-firm automated communica- 
tions to resolve miscornpared trades - e.g., price miscom- 
pares might be reconciled using inter-f!irm messages and 
machine reasoning. Figure 6 highlights the message re- 
ceived by Memll (MER) after the clearinghouse com- 
parison process. 
6. Conclusions 
A trade is an elaborate information event, which 
triggers a number of instructions and messages. In the 
absence of exceptions, the current message representa- 
tions perform adequately. When exceptions occur be- 
cause errors in the operations cycle lead to offsetting 
messages or confinnations not being received the trad- 
ing parties undertake a costly manual procedure. Parkin- 
son et al. (1992) noted in a Federal Reserve Staff Study 
that "Lack of coordination among clearing organizations 
can heighten credit and liquidity risk, [and] clearing or- 
ganizations may not have enough information to evaluate 
the riskiness of a participant that is involved with other 
clearing organizations." The points we have made are a 
step toward improved coordination, and generalize nice- 
ly. To see this, recdl Figures 2 and 3. These figures lay 
out a ten-step process for after-trade processing. Eight of 
the steps involve inter-organizational communications. 
The discussion so far, and the implementation, have f e  
cused largely on just one of these steps, Step 4, in which 
the clearinghouse reports on the results of its efforts to 
compare the trades of the previous day. We have argued 
that, for Step 4, the benefits of an FLBC approach would 
be substantial. If there is advantage in moving to an 
FLBC in Step 4 -for which a fixed-field, record-passing 
scheme is already in use. - then there is potentially much 
greater advantage in using an FLBC approach for those 
inter-organizational messages that are not now computer- 
ized at all, in particular, the broker-to-broker messages 
reconciling uncompared trades. 
The underlying logical structure of the Step 4 mes- 
sages is really quite simple; the clearinghouse reports 
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?hat it does or does not have com- 
wed trades. In terms of speech 
- 
act theory, the clearinghouse is 
merely making a series of interest- 
ing assertions, which the broker- 
age houses pay close attention to. 
Responding to these messages, 
however, is a complicated matter, 
calling for messages between bro- 
kerage houses. These messages, 
whether or not supported by for- 
malization, are logically complex. 
In addition to other speech acts, 
brokers will make assertions (e.g., 
"We think we traded with your 
firm on this date"), ask questions 
(e.g., "Do you have anything that 
might match our uncompared 
trade?"), and offer proposals (e.g., 
"Since we differ only in price, and 
it's small, let's split the differ- 
ence"). The current record pass- 
ing scheme cannot hope to handle 
this complexity. An FLBC ap- 
proach is virtually required if we 
are to bring automatation to these communications. 
Just as there is a distinction between clearinghouse mes- 
sages and messages between brokers, so there is a dis- 
tinction of import between messages, which 
communicate meaning, and the reasoning that must be 
done about the messages. When the messages are for- 
malized, it is possible to implement machine-based rea- 
soning about them. This reasoning, moreover, is possible 
when an FLBC approach is taken. With a recursively- 
- defined language, it is easier and more natural to write 
general rules for handling messages - e.g., involving 
reasoning with time, defeasibility, and obligation. The 
details of this point are beyond the scope of this paper. 
The case we have made for the clearinghouse component 
of the problem is a necessary first step to exploiting the 
full value of an FLBC approach to the overall trade pro- 
cessing problem. 
Figure 6: Prototype Screen 
Your time: 1 2 2 3  
Contra time: 1304 
Your t n d e  with Goldman for cuslp no.: 095838EF6 and guantity sold: 
0400 and amount 00490000 and time 1243 matched perleclly. 
Your trade with Salomon for cuslp no.: 388322AB2 and quantity bought: 
1200 and amount 02070000 and time 1325 matched perfectly. 
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